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Abstract minute. After HPR at 90 bar for 4@inutes, thecavities
weredried in adust-freeair flow for threehours. These
cavities werdanitially testedwith no heat-treatment (HT).
The location of ajuench andhe residualresistivity ratio
(RRR) of the cavitywere measuredvith a rotating
temperatureand RRR mapping system [2]. Thebtained
i guench field and averadg®RR areshown in Table 1. One
method topush up theguench field ispurification of the
niobium by Ti-getteringduring HT to improve the
thermal conductivity [3]. High temperature HT [4] was
carriedout on the cavities S-and S-2. The RRR was
improved afteHT, and the quench field increased to 25
MV/m. However, a steeprop of the Qo wasobserved
1 INTRODUCTION above 18 MV/m, as seen in Figure 1. Theg_me
phenomenonhad also been observed in KEK cavities
In superconductingcavities, the cavity performance tested at Saclay [5]. Neither x-rays nor field-emission
strongly depends onsurface preparation techniques. T@lectronswere observed ahese higher fieldsSimilarly,
obtain a smootrandclean surfacethe cavity interior is thermometry measurement at 25 MV&ould not detect
finished by chemical polishing (CP) or electropolishinginy field-emissionsites. Each cavity in Figure 1 was

(EP). The highpressurerinsing (HPR) that follows has |imited by aquench aroundhe equatorseam ofelectron
been proven effective to remove dust particles amgdam welding (EBW).

chemical residues. A clean environment during assembly
and carefulhandlingare essential for suppression 6éld Table 1: Properties of the Saclay cavities
emission. By following thesepreparationsteps, high niobium sheets no HT, CP150

accelerating gradienté&Eacc) of 30~40 MV/m hasbeen cavity supplier RRR* Eacc.max aveRRR
achieved without field emission in many cavities at KEK. S1_ TDenkai 200 50.9MV/m 190

In t_h_e latest investigation at KEK, it wamted that th_e S-2 Heraeus 260 20.9MV/m 160
cavities prepared by Eperformedbetter than CP cavities

. . . . S-3 Heraeus 280 15.1MV/m 230
[1]. To confirm this observation, extensive tests of both — —
CP and EPRcavities has beecarriedout in collaboration RRR* ; specification by the company.
between KEK and CEA-Saclay. Baselit@stswere carried

A steepdrop of the cavity qualityfactor (Qo) athigh
electric field has beenbserved frequently in chemically-
polishedand high-pressure-rinsed Saclagvities,even in
the absence of fieldemission. Three single-cell cavities
from Saclay were tested at KEK following
electropolishing and high pressure rinsing. Tihéstmen
eliminated the steep Qo drop, theench field increased to
an accelerating gradient ofiore than 30 MV/m with a
guality factor abovex10”. No dependence dhe quench
field on the niobium RRRwvasobserved betweeRRR =
200 and 320 in electropolished cavities.

out at Saclay, making use of various diagnostistems 10” : ' '
developed at Saclaffhen, the cavitiesveresent to KEK ~ Q, fat 1.5 K at Saclay
for further tests to study systematically tleffect of 1| p0® 000 0 0 09 oo _ i
surface treatment on cavity behavior. The following - 1000C HT

treatmentswere carriedout: 1) only HPR, 2) CP and
HPR, 3) EPandHPR. The effect of "parking" the cavity 1t

at 100K for two hours was aldovestigated to check for RRR=230 -
the hydrogen Qo-disease.
10°
@) -

2 EXPERIMENTS AT SACLAY . Slells
Three 1.3 GHz Saclay cavities (listed in Table Were 16 0 S-3/C103
chosen for this study. These cavitigsre manufactured at 0 5 10 15 20 25 30
Cerca (France). The initial CP was performed with 220 Eacc [MV/m]

acid mixture of HF:HN@QH,PO, = 1:1:2 in volume for a

total removal of about 1%@n at a rate of about im per Figure 1. Test results at Saclay
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3 EXPERIMENTS AT KEK
The same cavitiewere tested threémes each atKEK.

For the initial test, only HPR at 8Bar for 60 minutes
was performed. A secortdst waspreceded by CRvith a

25°C acid mixture of HF:HN@H,PO,= 1:1:1, yielding a
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Figure 2: Test results at KEK
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removal rate of 121m perminute (about ten timefaster
than that at Saclay). Finally, prior to thieird test, EP
was carried out with a horizontal, rotating electropolishing
device[6]. An acid mixture of HSO, : HF = 10:1 was
used, and the removal rate of & per minute (about ten
times fasterthan that at removalate was 0.5 um per
minute at 30C. In eachcase,HPR precededthe final
cavity assembly. The wet cavity wammpedout and
baked at 8%C for twenty hours. Then, the cavity was
installed in the test stan@nd no active pumping was
performed during the cavity test. Figure 2 shows the KEK
test results. In all cases, a quench (withfteltl emission)
was the ultimatefield limitation, similar to theSaclay
results. However, thguench field clearlyincreased after
EP. The effect of 5um EP with cavity S-3 was
especially pronounceghushing thequench field up from
17 MV/m to 33 MV/m. Moreover, in each test after EP, a
steep Qo drop at high field was natservedand changed

to a standarcslope. Thequench fieldand the residual
surface resistance (Rres) after eadteatment are
summarized inFigure 3. Both thequench fieldand the
Rres had deteriorated the first test at KEKafter HPR),
presumablydue to surfacecontamination during transport
(e.g., exposure to the air). However, the cavity
performance was recovered by CP. EP then augmented the
guench field toabove 30MV/m. On the otherhand, the
Rres remained unchanged b¥P. The relatively high
surface resistance dhe S-3 cavity may belue to the
small grain size (this cavity was never heat-treated).
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Figure 3: Summary of the quench field and the Rres
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4 DISCUSSIONS

4.1 Degradation due to CP after EP

Additional EP of 70um was performed oncavity S-3,
improving thequench field to 3"™MV/m. A subsequent
surface removal by CP clearlydegraded the cavity
performance again, as shown in Figure 4. A sineffect

guench field onRRR was observed.This demonstrates
that the origin of aguenchmay differ in CP and EP
cavities.

4.3 Qo-disease

The cavitieswere parked atlOOK for two hours to
investigate possiblehydrogen problem of the niobium

(Qo-disease)The obtainedRres results irthree cavities
are listed in Table 2. It is well-known that Habove
700°C for hydrogen degassing is effective to avoid the Qo-
disease. It is noteworthy that 1§@o-diseaseavas observed

in the S-3 cavity (no HT)even after 120m EP. This
result shows an omission of PQOHT after EP.

has beeneported in referencly]. Additional CP lowered
the quench field even more and the stdegline ofthe Qo
at high field appeared again. It is assurtteat achemical
reaction between niobium and the acid during g&duces
a badsuperconductor, especially at the graoundaries
aroundthe equatorseam,where many impurities might

concentrate due to recrystalization by EBW. i
Table 2: The Rres following a 100K "park" for two hours

4.2 Quench field cavity  surface treatment initial* 100K,2h ARres
High RRR niobium with its large thermal conductivity isS-1 ~ 1300C HT, CP14@m 5.5 105 +5.0©
needed tothermally stabilizesurface defectshat might | S-2  1000C HT, CP13gm 7.7 8.0 +0.3 @
otherwise cause ajuench at ahigh gradient. The | S-3 no HT, CP2Qm 6.1 59 -0.2Q
correlation between thguench fieldandthe average RRR , TEP12@m 56 53 -03Q@

in eight cavitiedested atSaclay is plotted in Figure 5. initial*; fast cool-down within 1 hour from 300K to 4.2K
The results with the CP cavities in Figure 5 are consistent
with above mention. After EP, however, no dependence of

5 SUMMARY
a. The 50um EP eliminated the steep Qivop athigh

2
10 : ! ! i field in CP cavitiesandpushed uphe quench field to
Q, fatlsK S-3 Cavity more than 30 MV/m.
10t [no HT, RRR=230] b. No dependence dhe quench field onRRR was seen
oA betweenRRR = 200and 320 in cavities thatwere
~?8§8§ =les eggggmog $88s electropolished.
101 E‘%’% $3e0eay c. There was no difference in the Rres between CP and EP
T I cavities.
v QU‘Vench d. CP after EP graduallygducgdthe guench fielq and
@ no x-ray caused the Qo drop at high field to appear again.
® KEK3 (EP50um, HPR) e. No Qo-disease was observed gitarking the cavity at
& KEK4 (EP+70um, HPR) . .
O KEK5 (CP60um, HPRE{ 100K for two hours,even in the no HT cavitgfter
0 KEK6 (CP+70um, HPR)
0T 3 WP A I A bt s EP.
0 5 10 15 20 25 30 35 40
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Figure 4: Cavity degradation due to CP after EP
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Figure 5: Quench field vs. RRR



